Abstract With a series of buffer tank, activated pre-clarifier (SBR) and planted soil filters, it is possible to get a stable degradation and good effluent values in the case of unsteady inflow and changing concentrations. In the process presented here the activated pre-clarifier is working as a denitrification tank and the soil filter as a nitrification reactor. An automatic control manages the storm-water runoff, the waterrecirculation returns the nitrate and provides a minimal feed. Experiences with this plant from 1999 to 2005 are given in this paper, research has been done in the project "Planted soil filters as a Biotechnological 
Introduction
The paper presented summarizes the experiences obtained at the Institute of Water Quality Control, Technical University of Munich, using a special plant combination to treat different types of waste water. It starts with a pilot plant at a composting site followed by some experiments in half technical scale with landfill leakage and municipal waste water. The objective of this research was to find out whether a planted soil filter connected with a specific pre-clarifier would be able to treat different kinds of wastewater. Furthermore it will be shown if the combined system is in a long-term an efficient and cost effective method for treatment. Clogging, which is reported as one main factor for the treatment efficiency of filters (Platzer and Mauch, 1997; Winter and Goetz, 2003; Kayser and Kunst, 2005) was also investigated during the long term operation of the plants. Biomass growth and inflow particles are reported to be the main reason for clogging (Siegrist, 1987; Spychala and Blazejewski, 2003) .
Example 1-wastewater from a composting site
The WGV Recycling Company, in Eurasburg/Germany, operates a plant for composting organic residual substances in Quarzbichl, Oberbayern. The site is located near the rural district of Bad Tölz-Wolfratshausen and the district of Weiheim with more than 210,000 habitants. The factory produces over 24,000 t/a of high quality compost. Wastewater at this site results from rain fall on the 8500 m 2 traffic area, from cleaning procedures on the camp surfaces and from process water. In the context of the research project "Planted Soil Filters as a Biotechnological Process" (www.bodenfilter.de; Fehr et al., 2002) , which was promoted by the German Federal Environment Foundation (DBU), a pilot plant was developed in 1998. The operation began with the wastewater treatment at the WGV in June 1999. Up till then, tank trucks transported more than 12,000 m 3 /a wastewater to the surrounding wastewater treatment plants annually.
First, the new established Pilot Plant consisted of an aggregate for mechanical solid separation, a reservoir acting as a sediment basin (42 m 3 ), and two vertical flow sand filters with a surface area of 2 £ 550 m 2 (0.8 m depth). Laboratory and essentially, halftechnical experiments, for pre-treatment in a sequencing batch reactor (SBR) with mixer and aeration system, showed the suitability of an activated preclarifier for solid separation, denitrification and also for biological phosphorus removal. Two years after start-up, the settling tank was converted to activated pre-treatment (05/2001) and run up to the integration of the re-circulation into the SBR control (04/2003), without denitrification.
In the final report of the research project the results are documented during the time of July 1999 until November 2001.
For the further scientific monitoring of the sewage system, the WGV Recycling Company assigned the Institute of Water Quality Control with further investigations and the documentation of the purification plant. In the meantime, the water recirculation was integrated in the sequencing batch process and the automatic process control was optimised (2005) .
The wastewater of the compost area flows into an old buffer tank with a volume of 300 m 3 . To avoid unwanted deposits, a pump stirs the settled sludge at intervals, so that an effective movement from the sump pump is made possible. From the beginning, the wastewater treatment plant was not designed to treat 100% of the resulting compost wastewater. A part of the water is still taken by trucks to a purification plant in the neighbourhood.
After a raw water settling time of more than 2 hours, the settled raw water was pumped out of the buffer tank into the activated pre-treatment tank (PT). The filling takes place after a preset program that controls the volume exchange of the reactor, the mixing time, aeration and settling time. The activated sludge volume in the pre-clarifier is adjusted to 250 mL/L and the surplus sludge is automatically pumped back to the buffer tank. The effluent of the activated pre-treatment is lifted and pumped to the soil filters.
Four times per day, for three minutes, , 6.9 m 3 are pumped to one bed surface using a distribution system. Every 14 days (autumn, winter, spring) and 7 days in the summer, the two filters are alternately fed. The soil filter outlet flows to the return pit, from which a subset was re-circulated to the pre-clarifier. After the control pit, the effluent (E) flows to the river Loisach. Figure 1 shows the flow chart of the treatment plant. Inductive flow measuring instruments measured the water quantities at the pre-clarifier and the return flow. For operation control, the staff measures twice per week the conductivity in the buffer-tank and the sludge volume in the SBR. Five years after operation, sealing and re-cultivation, the wastewater flows out of the landfill with 50 to 120 m 3 /d depending on weather conditions. Inside the landfill, stable conditions were assumed and the COD concentration decreases slowly while ammonia increases. A necessary treatment is forecasted for the next 50 years. The average value of COD was 275 mg/L and the total nitrogen 132 mg/L. In different conditions the flexibility of the process was tested and optimised to the most effective nitrogen reduction. The idea was to use the available carbon at the earliest possible moment for denitrification and conduct a stable operation with an external carbon (methanol) source. Therefore a sequencing batch reactor with 80 L volume was used as a first treatment step with continuous inflow. In five cycles per day the reaction time starts with a discontinuous mixing time of 3 to 4 hours and ends with a short aeration time of 10 minutes to avoid denitrification during sludge settling. The effluent was pumped directly to the soil filter and the next cycle started again with the recirculation of some effluent to the pre-clarifier. The recycling ratio was 1. As a secondary treatment step a soil filter was built with 0.75 m 2 and 0.7 m height and filled with washed sand consisting of 0 to 3 mm grain size. A mathematical model was developed for this application.
Example 3-municipal wastewater treatment
In 2003 and 2004 some tests were made at the Institute of Water Quality Control to treat municipal wastewater with the same equipment. The aim was to produce a high quality of treated water for reuse with a small wastewater treatment plant. Wastewater was pumped from the Garching wastewater treatment plant to the laboratory. During an 8 week measuring period the efficiency of coliform bacteria reduction was analysed and over 3 months the efficiency at different hydraulic loads and recycling water rates with the activated pre-clarifier (80 L) and a soil filter (0.75 m 2 ) were measured.
Analytical methods
The analytical methods that were used for pH, conductivity and TKN are described in the "German Methods for Water-, Wastewater-and Sludge-Analyses" (DEV, 2004) . NH 4 -N, NO 3 -N were measured with a flow injection analyser (FIA), COD and phosphorus with a test kit from Hach/Dr.Lange. The biological parameters were measured with the MPN method with a lauryl sulphate medium (Fluorocult/Merck). Information about the modelling of the systems can be found in Wichern et al. (2006) .
Results

Treatment of municipal wastewater (Example 3)
A 99.9% reduction of coliforms was measured under operating conditions with a recirculation ratio of 2 and a hydraulic bed-load of 180 L/(m 2 d). The COD concentration was below 20 mg/L in the outlet and ammonia was less than 1.0 mg/L. 45% of COD was reduced in the pre-clarifier with a short aeration time. With a recirculation ratio of 0.5 to 1.0 and a hydraulic load of 200 L/(m 2 d), the COD efficiency was 92% in the filter bed. So more than 50% of the total COD degradation took place in the second step. Figure 2 shows the disposition of nitrogen under the conditions of a recirculation ratio of 1 and , 200 mm hydraulic bed load. The total nitrogen reduction was more than 70%. It decreased with lower recirculation ratio.
Treating of landfill leakage (Example 2)
In the pre-clarifier a nearly complete reduction of the recirculation nitrate occurs if there was added enough organic carbon. To assure an adequate process stability, average effluent nitrate concentrations 50% below the standards should be reached. The use of methanol as a carbon source adds 0.2 e/m 3 to the operational costs. An almost total nitrification took place at room temperature in the soil filter even at ammonia loads of more then 10 g During the intensive measurement period from 1998 to 2001, samples were taken two times per week, and were then analysed for the relevant wastewater parameters. Heavy metals and other substances, like absorbable organic halogenide (AOX), have not been a problem on the composting site . One of the research points of interest was the separation of solids out of the raw-water by using special mechanical equipment, like hydro-cyclones and different filter methods. Since 50% of the solids were finer than 63 mm, settling was the best available technology for solid separation. Several tracers were used to measure the retention time of water flow through the sand filters. We found out, that bromide, deuterium and a special fluorescence tracer were the best indicators of the water flow in this three-phase-system containing biofilm, fluid and air. In both quartzous sand substrates, which were used in the beds, the retention time varied from ,3.0 days in bed 1 (d 60 ¼ 0.4 mm) to , 2.5 days in bed 2 (d 60 ¼ 0.6 mm).
In the year 2004, it was possible to treat 5210 m 3 of settled raw water from the storage tank with this two step treatment plant. This volume is 86.3% of the average value of the last three years. The smaller input took place as a result of the pond strategy which was made in the time of March to May to avoid weeds. A failure of the control system in July and the change in the installation for company-owned equipment, led to downtimes.
Raw-water from composting site
The COD concentration of 1700 mg/L of COD in the settled sample (613-3.025 mg/L). Phosphorus concentration was 13.3 mg/L. The nitrogen concentration reached 120 mg/l (TKN) in the settled sample. The ratio of 1.82 between TKN and NH 4 -N shows that nearly half of the nitrogen in the settled sample is organically bound. This fact is particularly remarkable, because under anaerobic conditions an ammonification can occur in the storage tank. These conditions increased the ammonium concentration rapidly, especially in summer at higher temperatures. The average values of the measured parameters in the settled raw-water from the storage tank in 2004 are given in Table 1 .
With the values of storage volume and raw-water conductivity, the flow-rate was set up between 10 and 25 m 3 /d. The ammonium concentrations measured by WGV with a test kit are corresponding to the conductivity with reasonable accuracy.
Pre-treatment and sludge balance
In the activated pre-treatment tank (PT) a volume exchange of ,17% takes place four times per day. The tank is filled with return water depending on the quantity of the raw water and the operating water level. Before the two-hour setting off period, the tank is aerated. The daily batch effluent quantity amounts to 27.5 m 3 /d. For one bed this is a hydraulic load of 50 mm/d. The activated sludge is measured regularly by operational staff. The pump intervals for the surplus sludge withdrawal can be adjusted according to the determined sludge volume of 250 mL/L. Surplus sludge was pumped back into the storage tank and from there it is taken out together with the other removable materials. The sludge removal of 400 L three times per week was taken from the SBR. With a sludge concentration of 20 g/L it gives 1250 kg dry-substance per year. This sludge quantity agrees with the sludge increase, which can be calculated by the COD reduction.
In the storage tank, a mean sludge content of 1.1 kg/m 3 was measured from 1999 to 2001. By considering the total WGV wastewater quantity of 10,370 m 3 in 2004, the yearly sludge from the compost-place in the storage tank is 11 to 13 tons dry weight, which needs to be disposed. The portion of SBR sludge was less then 12%. During the transition period, October 2003 to March 2004, 90 kg/a of a precipitant (iron III chloride, 40%) was used for testing. It contained approximately 32 kg/a (2.5 kg/kg Fe ) precipitation sludge and corresponded to a portion of 0.3% of the total sludge volume. The sludge age of the activated pre-clarifier was more than 26 days.
Water outlet quality
The annual average effluent concentrations and standard deviations from pre-treatment and outlet are given in Table 2 . With respect to the mean value the COD from the effluent of the soil filter is 77% of the limit value (AbwV, 2002) and nitrogen is 72.7%. This proves a good process stability for the COD and N removal. The limit value is sometimes reached for phosphorus. The average of the phosphorus concentration in the effluent is about 60% of the limit. During the intensive measurements (1999-2001) seasonal influences were found, which led to the assumption that at the end of the vegetation period a certain phosphorus release occurred. So a precipitation of phosphorus in the effluent of the soil filters has to be installed in the future. The precipitated sludge is returned to the pre-treatment with the back flow stream.
With the recirculation of treated water in the SBR, it was possible to keep the nitrate effluent concentrations for the entire year 2004. The nitrification in the soil filter can reach an average of up to 96.4% per year. In summer, the TKN reduction at temperatures over 12 C was found to be 99%. The summer temperatures and the increased nitrogen load led to an undesired nitrification in the pre-treatment (SBR). Enough time must be given for denitrification of the nitrate from the recirculation. A larger nitrification in the SBR is not possible, as there should be enough time for enhanced biological phosphorus removal. Otherwise, the aeration time should be adjustable. Due to the easy control of the pre-treatment, only an unstable P-removal was possible. Precipitation experiments with FeCl 3 resulted in a 20% phosphorus reduction.
Efficiency
The annual average values of the loads and reductions are summarized in Table 3 and are given as specific values of the treatment plant. The soil-filter data is calculated with two beds in alternating operation.
The elimination capacity of the plant in the single treatment steps is given in Figure 3 related to the raw water load. The recirculation ratio was 0.6 in the 2004 annual average. Mass balance differences between þ4.5% and 2 3.1% are within measuring tolerance.
The COD and the nitrogen loads are reduced in the pre-treatment by 40%. The nitrification and hydrolysis of the organic nitrogen takes place mainly (, 70%) in the second process step (97.9% inside the soil filter). Because of recirculation denitrification inside the pre-clarifier of nearly 50% is reached. Also, the phosphorus is being reduced by a half in the pre-treatment and in the soil filter by 28.1%. There is no indication of a change of the permeability of the soil filter after 6 years of operation. The costs of the compost-place wastewater management at the location of WGV have decreased since 1998 down to 25%.
Conclusion
From a research project (1999) (2000) (2001) (2002) (2003) (2004) (2005) resulted a pilot plant for compost-place wastewater treatment with SBR as an activated pre-treatment and two soil filters with water recirculation. This process shows also the ability for treatment of municipal wastewater and for landfill leakage.
In 2004, the treatment plant of WGV Recycling Company, in Quarzbichl, cleaned 5210 m 3 of compost-place wastewater with a modified back flow integration in the SBR pre-treatment. With this activated pre-clarifier, more operating stability is achieved for the soil passage. In the annual average, the COD is reduced to 97.3%, and nitrogen and phosphorus are reduced to 70.4% and 80.1%.
With an additional aeration inside the storage tank and a regular sludge withdrawal, anaerobic conditions can be avoided. This allows, together with an improved automated control, an increase of the inflow particularly after heavy rain, which happens especially near the Alps from June to August. Clogging, which is reported as one main factor for the treatment efficiency of filters (Platzer and Mauch, (1997) , Winter and Goetz, (2003) , Kayser and Kunst, (2005) didn't occur during the long term operation of the plants. The results show that the inflow particles sedimented and degradated well in the activated pre-clarifier. % R e d u ct io n in th e st e p s a n d p a rt in th e e ff lu e n t N T P T Figure 3 Elimination capacity in the single treatment steps and in the effluent as percentage of the raw influent wastewater
